Unit 1 — Semiconductors

Q1. Define Semiconductor and Enlist the Properties of Semiconductor. (4)




Q2. Give the energy band description of semiconductors.(4)
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_ (ir) Semicondutors. Semiconductors (e.g.
{ se germanium, silicon etc.) are those substances whose
4 electrical conductivity lies inbetween conductors and

g. insulators. In terms of energy band, the valence band is
. almost filled and conduction band is almost empty.
of Further, the energy gap between valence and conduction
" bands is very small as shown in Fig. 4.7. Therefore,




Q3. Describe the effect of temperature on semiconductors. (4/6)
5.6 Effect of Temperature on Semiconductors

The electrical conductivity of a semiconductor changes appreciably with temperature variations. This
18 a very important point to keep in mind.

(i) At absolute zero. At absolute zero temperature, all the electrons are tightly held by
the semiconductor atoms. The nner orbit electrons are bound whereas the valence electrons are
engaged in co-valent bonding. At this temperature, the co-valent bonds are very strong and there
are no free electrons. Therefore, the semiconductor crystal behaves as a perfect insulator [See
Fig. 5.6 ()]
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Fig. 5.6

(if) Above absolute zero. When the temperature 1s raised, some of the covalent bonds in the
semiconductor break due to the thermal energy supplied. The breaking of bonds sets those electrons
[free which are engaged in the formation of these bonds. The result is that a few free electrons exist in the
semiconductor. These free electrons can constitute a tiny electric current if potential difference 1s

applied across the semiconductor crystal [See Fig. 5.7 (i)]. This shows that the resistance of a semi-
conductor decreases with the rise in temperature i.e. 1t has negative temperature coefficient of resis-
tance. It may be added that at room temperature. current through a semiconductor is too small to be

of any practical value.
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Q4. Differentiate between Extrinsic and Intrinsic semiconductors.(4)

Point of

Difference Intrinsic Semiconductor Extrinsic Semiconductor

Definition A pure form of semiconductor without any A semiconductor doped with a small amount of
added impurity. impurity to improve conductivity.

Conductivity Poor conductivity at room temperature. Improved conductivity due to presence of free charge

carriers from dopants.

Charge Equal number of electrons and holes. Electrons or holes are majority carriers depending on

Carriers doping (n-type or p-type).

Carrier Carriers are thermally generated. Carriers come mainly from dopant atoms.

Generation

Doping Mo doping: 100% pure. Doped with group Il or group V elements.

Types Only one type — pure semiconductor. Two types: n-type and p-type.

Examples Pure silicon, pure germanium. Silicon doped with phosphorus (n-type) or boron (p-

type).



Q5. Explain with neat diagram N-type and P-type semiconductors. (4/6/8)
N-type

¢ Valence electrons: 5 e~

¢ Pentavalent impurities added

e.g. Arsenic (33), Antimony (51)
¢ Donor impurities
* Majority carrier are e”

* Negative (N) type semiconductors

P-type

o Valence electrons: 3 e

¢ Trivalent impurities added

e.g. Gallium (31), Indium (49)
¢ Acceptor impurities

e Majority carrier are holes

¢ Positive (P) type semiconductors




Q6. Compare P and N type Semiconductor. (4/6)




Q7. Explain the formation of PN junction. (4/6)




Q8. Define: 1) Diffusion 2) Potential barrier 3) Depletion Region. (4/6)
The answers for this question are given from Q.7 the answer are from following steps
1]Diffusion: Step 1

2] Potential barrier: Steps
3] Depletion Region: Step 4



Q9. Define Diode, draw its Symbol and write its application. (4)

Define:

Diode allows current to flow in one direction, while blocking it in the opposite
direction. Diode also converts alternating current (AC) to direct current (DC).

Symbol:

4»

Diode

Applications:

Rectifier
Voltage Regulator
e LCD

e LED



Q10. With neat diagram explain VI characteristics of Diode. (6)
Characteristics of a Diode (V-1 Characteristics):
1. Forward Bias Region:

¢ When the positive terminal of the power supply is connected to the anode and the negative

terminal to the cathode, the dicde is forward biased.

e In this condition, the diode allows current to flow easily once a threshold voltage (typically 0.7V for

silicon diodes) is reached.
= Below the threshold voltage, only a small leakage current flows, which is negligible.

* As the forward voltage increases beyond the threshold, the current increases sharply, following an
exponential rise.
2. Reverse Bias Region:

= ‘When the anode is connected to the negative terminal and the cathode to the positive terminal of

the power supply, the dicde is reverse biased.

¢ In this condition, ideally, no current flows through the diode (except for a very small reverse

saturation current).

= |f the reverse voltage exceeds the breakdown voltage (e.g., 100V for a typical dicde), the diode

enters a breakdown region, and a large current starts flowing, which may damage the diode.

3. Breakdown Region:

* Inreverse bias, if the voltage reaches a certain critical value (reverse breakdown voltage), the diode

undergoes breakdown.
¢ In this region, the current increases rapidly with little increase in voltage.

¢ The diode may be permanently damaged if the current is not limited (in the case of a Zener diode,

this is used for voltage regulation).




Q11. With neat circuit diagram explain working of PN junction in Forward and Reverse bias. (6)

Forward biasing:

When external voltage applied to the junction is in such a direction that it cancels the potential barrier, thus

permitting current flow, it is called forward biasing.

Reverse biasing:
When the external voltage applied to the junction is in such a direction that potential barrier is increased, it is

called reverse biasing.




Q12. Define Zener diode and list its properties. (4/6)




Q13. Explain with neat diagram the VI Characteristics of Zener diode. (6/8)
V-l Characteristics of Zener Diode
A Zener diode is a special type of diode designed to operate in the reverse breakdown region. The V-|

characteristics of a Zener diode show how it behaves in both forward and reverse bias conditions.

1. Forward Bias Region:

* In forward bias (anode connected to positive terminal), the Zener diode behaves like a normal p-n

junction dicde.
e A small forward voltage (~0.7V for silicon) is needed for it to conduct.

* Once this threshold is crossed, current increases rapidly with voltage.

2. Reverse Bias Region:

* |n reverse bias (anode connected to negative terminal), a small reverse leakage current flows until the

reverse voltage reaches a certain value called the Zener Breakdown Voltage (Vz).
e At this point, the diode starts conducting heavily in reverse direction.
e The voltage across the diode remains almost constant at Vz, even if the reverse current increases.

e This region is called the Zener breakdown region, and is used for voltage regulation in electronic

circuits.

Important Points:
¢ Breakdown voltage (Vz) is the critical voltage where the Zener effect occurs.
¢ Zener diodes are available with different Vz values (e.g., 5.1V, 6.2V, etc.).

¢ In breakdown region, Zener diode maintains a constant output voltage despite changes in input

voltage or load current.




Q14. Draw the symbol of crystal diode with equivalent Circuits. (4)

6.5 Crystal Diode Equivalent Circuits

It 1s desirable to sum up the various models of crystal diode equivalent circuit in the tabular form
given below:

S.No. Type Model Characteristic
&l
F ¥y
1. Approximate model e ; @ - f
| * o v, Vi
IDEAL DIODE
Y.
. - ¥
;. + i _
r Sumplitied model |I ?I = .
of v, 'F
IDEAL DIODE
Iy
3. Ideal Model + -
o O
0 Vr
IDEAL DIODE




Unit 2 — Applications of Semiconductors (Rectifiers, Devices)

Q1. Define the following terms: PIV, Knee voltage, Breakdown voltage. (4/6)




Q2. Describe a half-wave rectifier using a crystal diode. (4/6)




Q3. Explain the working of Centre-tap full-wave rectifier with neat diagram. (6/8)




Q4. Explain the working of Full-wave bridge rectifier with neat diagram. (6/8)




Q5. Define Ripple Factor. Give the value of R.F for half wave and Full wave rectifier. (4)




Q6. Define: 1) Rectifier efficiency 2) Ripple factor.(4)




Q7. Compare half-wave rectifier with Centre-tap full-wave and Full-wave bridge rectifier. (8)
6.19 Comparison of Rectifiers

Rectifier type : Half-wave Full-wave Centre-tap Bridge Rectifier
Pt >
Schematic $R,
diagram: '
—p—I R0
Typical output
waveform: T W . JA'AAAA
S. No. | Particulars Half-wave Centre-tap Bridge type

| No. of diodes | 2 4
2 Transformer necessary no ves no
3 Max. efficiency 40.6% 81.2% 81.2%
4 Ripple factor 1.21 0.48 048
5 Output frequency S 2/, 2 fin
6 Peak inverse voltage Yo 2V, V.,

Note also other points we have discussed in class room




Q8. Define the following terms: a) Ripple Factor b) Filter circuits. (4)




Q9. Explain the working principle of Capacitor Filter. (4)

A capacitor filter is used in rectifier circuits to convert pulsating DC into a smoother DC

output. It consists of a capacitor C' connected in parallel with the load resistor R.

When the rectifier provides voltage, the capacitor charges up to the peak value V;,, of the
rectifier output. As the rectifier voltage drops after reaching its peak, the capacitor begins

to discharge through the load resistor R, supplying current to the load.

This discharge is slow, so the voltage across the load decreases only slightly. When the
next voltage peak arrives, the capacitor quickly recharges back to the peak value. This

charging and discharging process repeats continuously.

As a result, the output voltage remains close to the peak value with very little ripple. The
output waveform becomes nearly steady, and the capacitor filter effectively smooths the

rectified voltage.

Key Points:
¢ The capacitor offers infinite reactance to DC, so it blocks DC.
¢ It charges when the rectifier voltage increases and discharges when it decreases.

* This results in a smooth and steady DC output with reduced ripple.
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Q10. Explain the working principle of Choke input Filter. (4/6)

A choke input filter is used to smoothen the pulsating DC output of a rectifier. It consists
of a choke (inductor) L connected in series with the rectifier output and a capacitor C

connected in parallel with the load.

The output of a rectifier contains both AC and DC components. The choke offers high
opposition to AC (due to high reactance) and very low opposition to DC. As a result, the

AC component is blocked, while the DC component passes through the choke to the
load.

At the same time, the capacitor connected across the load provides low reactance to AC
and high reactance to DC. So, it bypasses the remaining AC component, preventing it

from reaching the load.

Thus, the choke and capacitor together filter out the AC component, allowing only a
smooth DC output to reach the load. The output voltage becomes more stable with

significantly reduced ripples.

Key Points:
¢ Choke blocks AC but passes DC.
* Capacitor bypasses AC to ground but blocks DC.

¢ Result: Only DC reaches the load, giving a smooth output.
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Q11. Explain the working principle of Capacitor input Filter. (4/6)
A capacitor input filter or m-filter is used to smoothen the output of a rectifier. It consists
of two capacitors (Cs and C;) and a choke (L) connected in a way that the circuit

resembles the Greek letter m (pi).
e C,is connected across the rectifier output.
s L (inductor) is connected in series.
e C:is connected across the load.

This filter works by using the different properties of capacitors and inductors to block the

unwanted AC component and allow the DC component to pass through.

Working:

1. Capacitor Cy:
It offers low reactance to AC and high reactance to DC.
So, it bypasses most of the AC component to ground, allowing only DC to move

forward.

2. Choke L:
It offers high reactance to AC and low reactance to DC.

So, it blocks any remaining AC and allows DC to flow to the next stage.

3. Capacitor Cz:
It further bypasses any AC component that may have passed through the choke,
giving a pure DC output to the load.

The m-filter significantly reduces ripples in the rectifier output and provides a smooth DC

voltage to the load. Multiple m-filter sections can be connected for even better filtering.
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Q12. Give the classification of Photoelectric devices.(4) |




Q13. Explain working of LED with help of diagram and Characteristics. (4/6)
Light Emitting Diode (LED)

A Light Emitting Diode (LED) is a semiconductor device that emits visible light when

forward biased.

Working:
¢ When the LED is forward biased, electrons from the n-region recombine with holes

in the p-region at the junction.
¢ This recombination releases energy in the form of light.

¢ The color of the emitted light depends on the materials used (e.g., gallium arsenide

for red, gallium phosphide for green).

e LED works only in forward bias and does not emit light in reverse bias.

Characteristics:
* Forward Voltage: 1V to 3V
* Forward Current: 20100 mA
* Intensity of light increases with forward current

¢ Requires a series resistor to limit current and avoid damage.

A.rlm.ode f f Cathode

Cathode (-)
Anode (+) Short Lead

Long Lead



Q14. Explain working of photovoltaic cell with help of diagrams and list its
applications. (4/6/8)

Photovoltaic Cell (Solar Cell)

A photovoltaic cell (or solar cell) is a device that converts sunlight directly into electrical

energy using the photovoltaic effect.
Working:
e Itis made of a pn junction (usually silicon).
* When sunlight falls on the cell, photons of light strike the pn junction.
e This energy creates electron-hole pairs.

* Due to the electric field at the junction, electrons move to the n-side, and holes to

the p-side, generating a potential difference (voltage).

e If an external circuit is connected, current flows and electric power is obtained.

Applications:
1. Solar panels for homes and buildings.
2. Solar calculators and watches.
3. Street lighting and traffic signals.
4. Space satellites and remote areas.

5. Used in solar-powered chargers and vehicles.

N



Q15. Explain working of Photo diode with help of diagram and Characteristics. (4/6)
Photo Diode

A Photo-diode is a reverse-biased pn junction diode in which the reverse current

increases with light intensity falling on the junction.
Working:
¢ Inreverse bias, only a small leakage current flows in a regular diode.

¢ In a photo-diode, when light (photons) falls on the pn junction, it creates electron-

hole pairs.

* These charge carriers are swept across the junction by the electric field, increasing

reverse current.
¢ The more the light intensity, the greater the reverse current.

¢ So, photo-diodes convert light energy into electrical current in reverse bias mode.

Characteristics:
e Operates in reverse bias.
¢ Reverse current « Light intensity
e \ery fast response to light.
¢ Used in light sensors, optical communication, and safety systems.
* Less current in dark, more current in light.

¢ Made from materials like silicon or germanium.

4 N
PHOTO DIODE

{ Photo Diode

Anode Cathode

K Photodiode Symbol /




Unit 3 — Transistors

Q1. Define transistor, draw its symbol, why it is called Transistor? (4)




Q2. Explain with neat diagram the transistor action in NPN or PNP transistor. (6/8)







Q3. With neat diagram explain Transistor as an Amplifier. (6/8)




Q4. Draw the neat diagram of Transistor common base configuration and define its Current

amplification factor. (4/6)




Q5. Draw the neat diagram of Transistor common emitter configuration and define its Base
Current amplification factor. (4/6)




Q6. Derive the relation between a and . (4/6)
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